Introduction
The concentration of albumin, IgG, and other proteins in the cerebrospinal fluid (CSF) of healthy adults depends on their concentrations in the serum. '
The serum-to-CSF ratio of albumin is usually about 220. This has proved to be a reliable indicator of the function of the blood-CSF barrier, since albumin is not synthesised in the central nervous system (CNS) but is derived entirely from serum. The serum-to-CSF ratio of IgG is about 450. '4 In patients with inflammation of the CNS the transudation of serum proteins into the CSF is increased as a result of the increased permeability of the blood-CSF barrier; this reduces the serum-to-CSF ratio of all proteins. On the other hand T and B lymphocytes may infiltrate the CNS during acute infections and result in local synthesis of immunoglobulins. 5 An increase in total IgG in the CSF of patients with neurosyphilis is thought to be the result of local production of antibodies to Treponema pallidum.67
The present study was undertaken to determine whether the production of treponema-specific antibodies in the CNS of patients with neurosyphilis is independent of the function of the blood-CSF barrier and the selective increase in total IgG in the CSF. For this purpose we measured the serum-to-CSF ratios of albumin, total IgG, and treponemaspecific IgG as well as the CSF-to-serum ratio of treponemal IgG per mg of total IgG in patients with syphilis both with or without clinical features of neurosyphilis. 
Materials

Results
The patients were divided into nine groups on the basis of the serum-to-CSF ratios of albumin, total IgG, TPHA-IgG titre, and the CSF-to-serum ratio of TPHA-IgG titre per mg total IgG.
Group la-In 43 patients syphilis had been treated satisfactorily or had resolved spontaneously. From the mean concentrations, standard deviations (2 SD), and ranges for albumin and total IgG concentrations in the sera and CSF it can be seen that neither the function of the blood-CSF barrier nor the CNS was affected by the treponemal infection (table I) . Treponema-specific IgM antibodies could not be detected in the serum or in the CSF of these patients. Correspondingly, the serum-to-CSF ratios of albumin and total IgG were within the normal range (table II) . The concentrations of TPHA-IgG antibodies in 1 mg total IgG were equal in both serum and CSF. The mean value of the CSF-toserum ratio was 1.
Group lb-Normal values were found in 13 patients with untreated secondary syphilis who had no clinical or biochemical evidence of CNS involvement (table II) . Sera from all of these patients were reactive in the 19S(IgM)-FTA-ABS test.
Group Ic-Normal values were found in 10 patients with adequately treated neurosyphilis but residual symptoms of tabes dorsalis or general paralysis of the insane.
Groups 2a and 2b-Of 81 patients with neurosyphilis with normal serum-to-CSF albumin ratios, 48 had normal serum-to-CSF ratios of total IgG but reduced ratios of TPHA-IgG and increased CSF-to-serum ratios of TPHA-IgG titre per mg total IgG. In 33 of the 81 patients with neurosyphilis an increase of total IgG as well as of TPHA-IgG in the CSF was shown by reduced serum-to-CSF ratios. The CSF-to-serum ratio of TPHA-IgG titre per mg total IgG was raised appreciably in each patient. The TPHA-IgG titres per mg of total IgG in the serum Groups 3a and 3b-Patients in these two groups with neurosyphilis had a reduced serum-to-CSF albumin ratio. In the 14 patients in group 3a the TPHA-IgG titres per mg total IgG were identical in both serum and CSF. This ratio was, however, increased in the 34 patients in group 3b (table II) .
Groups 4a and 4b-The blood-CSF barrier of patients with syphilis was also disturbed (table II) . In each patient in group 4a the ratio of treponemaspecific IgG antibody was normal but the total IgG in the CSF was increased. A non-specific increase of total IgG in the CSF was found in the patients in group 4b. The CSF-to-serum ratio of TPHA-IgG titre per mg total IgG was below the lowest normal value of 0 finding of a normal serum-to-CSF ratio of TPHAIgG titre in the groups of patients with syphilis but without involvement of the CNS. Parallel investigations in several patients using the IgG-FTA-ABS test instead of the TPHA-IgG test gave identical results. For this study we chose the TPHA because of its higher sensitivity to treponemal antibodies. The following formula: TPHA-IgG titre per mg total IgG (CSF) TPHA-IgG titre per mg total IgG (serum) was used firstly in patients with syphilis without clinical and biochemical signs of CNS involvement, that is with a normal white cell count and without local synthesis of total IgG in the CSF or dysfunction of the blood-CSF barrier (group la). The serum-to-CSF ratio of treponema-specific IgG per mg total IgG was 1 (range 0-5-2 0). This means that in these patients the concentrations of TPHA-IgG antibodies per -mg total IgG were equal in serum and CSF. Furthermore, the serum-to-CSF ratio of TPHA-IgG titre correlated with the total IgG as well as with the values of normally occurring IgG antibodies.'2 These observations indicate that local synthesis of treponema-specific IgG does not take place in the CNS and that the treponemal IgG antibodies in the CSF are derived solely from the serum by transfer through the intact blood-CSF barrier.
Using the above formula local production of treponema-specific IgG can be shown in patients with a normal cell count and normal concentration of total IgG in the CSF, indicating involvement of the CNS in the treponemal infection (group 2a). In the patients in group 2b an increase in total IgG in the CSF was related to the synthesis of treponemaspecific IgG in the CNS.
In the 14 patients in group 3a the reduced serumto-CSF ratio of TPHA-IgG titre was caused by an increased inflow of treponema-specific IgG antibodies from the serum into the CSF as a result of dysfunction of the blood-CSF barrier. This was shown by identical TPHA-IgG titres per mg total IgG in both serum and CSF. Local synthesis of treponemal IgG antibodies can also occur in patients with a breakdown of the blood-CSF barrier as shown by the increased CSF-to-serum ratio of TPHA-IgG titres per mg total IgG in the 34 patients in group 3b.
From the results of the patients with neurosyphilis local production of treponema-specific IgG in the CNS occurred in more than 76% of cases. The formula shows that non-specific local production of IgG occurs in the CNS of patients with syphilis with neurological symptoms independent of the treponemal infection (group 4b). This might be explained by an inflammation of the CNS which is independent of the treponemal infection.
The boundaries between groups 2a and 2b as well as between groups 3a and 3b were fluid (figs I and 2). This is not surprising since in each patient time elapses between infection and healing and the numbers of treponema-specific IgG-producing B lymphocytes diminish at different rates from the CNS.
In the patients in this study no correlation could be seen between local production of treponema-specific IgG antibodies in the CNS and clinically characteristic symptoms of neurosyphilis (tabes dorsalis, paralysis, meningovascular neurosyphilis). About one-fourth of the patients in whom synthesis of treponemal IgG antibodies in the CNS occurred had no apparent neurological symptoms (clinically asymptomatic syphilis) (unpublished data).
Our findings confirm those of Schliep and Felgenhauer,7 who noted raised titres of treponemaspecific antibodies in the CSF of patients with neurosyphilis and assumed that local synthesis of these antibodies had taken place in the CNS.
It is noteworthy that there was a parallel between the local production of treponema-specific antibodies in the CNS and the appearance of oligoclonal IgG bands in the CSF. In about 75% of the patients with neurosyphilis oligoclonal IgG bands could be seen in the CSF (unpublished data). This agrees with the findings of 
